SUMMARY Nineteen patients with chronic aortic regurgitation and a large increase in heart size were studied before aortic valve replacement. By relating midwall circumferential systolic stress to midwall circumferential fibre shortening (Cs/Cd) before operation the patients could be divided into two well defined groups. Twelve patients (group 1) had a pronounced decrease in heart size as measured by the cardiothoracic ratio and an excellent clinical outcome six months after operation. Seven patients (group 2) had no significant decrease in heart size and a less good clinical outcome. The ratio of midwall circumferential systolic stress to end systolic volume index was significantly higher in group 1 than in group 2. Group 2 had more severe left ventricular hypertrophy determined by the ratio of the wall thickness to the minor internal radius of the left ventricle (h:r ratio), total left ventricular mass, and left ventricular mass to end diastolic volume ratio. There were no significant differences in any other haemodynamic or angiographic indices between the two groups.
Accepted for publication 15 May 1984 who have an appreciable reduction in cardiomegaly. [8] [9] [10] In the present study we used a new approach for the preoperative analysis of patients with chronic aortic regurgitation by applying a stress-strain analysis of left ventricular contraction to identify those patients with irreversible left ventricular dysfunction. We compared the results with the postoperative variations in heart size measured by the cardiothoracic ratio six months after operation.
Patients and methods PATIENT SELECTION Fifty five out of 84 patients with pure aortic regurgitation (peak systolic aortic gradient <15 mm Hg) in whom haemodynamic studies had been performed in our laboratory from January 1977 to June 1980 underwent aortic valve replacement. Of these, we selected 19 patients who had pronounced cardiomeg-Relation of midwall circumferential systolic stress to equatorial midwall fibre shortening aly on the routine chest x ray film (mean cardiothoracic ratio 0-62; range 0.57-0.70). Of these 19 patients, 18 were clinically evaluated six months after operation; the patient in case 19 died 45 days after the operation as a result of congestive heart failure. We excluded patients who had acute aortic regurgitation on clinical and surgical grounds. Of the 19 patients, six were women and 13 men (mean age 38 (range 24-59) years). Six patients were asymptomatic and 12 had symptoms in NYHA functional class II, of whom five had exertional angina. One patient had symptoms in NYHA functional class IV. All patients showed left ventricular hypertrophy in the electrocardiogram, 16 were in sinus rhythm, three had chronic atrial fibrillation, and two had previously documented transient episodes of atrial fibrillation.
CORONARY ARTERIOGRAPHY
All patients underwent right and left cardiac catheterisation before operation. Coronary arteriography was performed in all male patients aged :45 years (four patients) and in all patients whose presenting symptom was angina irrespective of sex and age (two patients). Pressures were recorded with external transducers (Stratham P-23 Db). Cardiac output was measured by thermodilution with the aid of a computer (E for M-Lyons TCCO-10). Left ventricular angiography was performed in the right anterior oblique position with the contrast medium (meglumine diatrizoate 66%) injected at a mean speed of 17.5 ml/s through an NIH No 7F or 8F catheter. Films were taken at 50 frames/s, extrasystoles and postextrasystoles were excluded from analysis. In the three cases with chronic atrial fibrillation, the first four beats with good opacification were analysed.
Left ventricular volume was calculated by the arealength method. " I Magnification for volume and mass was corrected using a calibrated grid placed 10 cm above the plane of the Relation of midwall circumferential systolic stress to equatorial midwall fibre shortening Only the patient in case 17 had a decrease of 10%, which was less than any of those in group 1 and not enough to normalise the cardiothoracic ratio.
HAEMODYNAMIC AND ANGIOGRAPHIC DATA Table 4 shows the haemodynamic and angiographic -data, of both groups. Aortic pressures did not show any significant difference. Left ventricular end diastolic pressure (LVEDP) was increased in both groups to a similar extent and showed a wide scattering of values. The mean values for cardiac output and cardiac index were slightly higher in group 1 than in group 2, the differences not being significant. The mean values for end diastolic volume and end systolic volume were appreciably increased in both groups, with no significant differences. The regurgitant fraction was smaller in group 1, but the difference was not significant. The ejection fraction showed a mean value which was equally depressed in both groups.
LEFT VENTRICULAR HYPERTROPHY Table 5 shows the values for the ratio of the wall thickness to the minor internal radius of the left ventricle (h:r ratio) and left ventricular mass to end diastolic volume ratio. Both were significantly higher in group 2 (p<0.005) and (p<0.005). The same was true for the total left ventricular mass and left ventricular mass index, both values being greater in group 2 (p<0-025) than in group 1 (p<0025).
MORTALITY DATA
The mean follow up period after operation was similar for both groups of patients (23-9 months in group 1 vs 22-7 months in group 2). During follow up, there were no deaths in group 1 and two in group 2. The patient in case 14 (group 2) had several hospital admissions after operation because of ventricular arrhythmias; he died suddenly two years after operation. The patient in case 19 died 45 days after operation because of congestive heart failure. The End systolic stress is calculated through the use of the end systolic pressure and the end systolic volume. The end systolic pressure is difficult to determine, requiring the simultaneous recording of left ventricular pressure and volume. This necessitates the use of high fidelity angiocatheters and this complex methodology would exclude this analysis from everyday use. One of our main purposes was to establish a method that could be used in ordinary practice. In addition, several investigators24 [29] [30] [31] have previously shown that the relation of end systolic pressure to end systolic volume behaves very similarly to that of peak systolic pressure and end systolic volume in the clinical setting, in such a way that the use of peak systolic pressure introduces numerical rather than fundamental differences. Thus it seems reasonable that the same holds true for the relation of end systolic stress and end systolic volume and that of the midwall circumferential systolic stress and end systolic volume because in the equation to calculate the stress all indices are the same, with the exception of pressure being substituted by end systolic pressure in one case and by peak systolic pressure in the other. In our stressshortening analysis, we referred shortening to the midwall equatorial fibre of the left ventricle. With left ventricular contraction the myocardium not only shortens but also thickens, and several models have been described for the thickening-shortening relation.32 33 The midwall fibre is a theoretical construction which reflects the fibre shortening better than the internal left ventricular diameters. We normalised the end systolic circumference (Cs) by dividing it by the end diastolic circumference (Cd). The resulting index (Cs/Cd) is dimensionless and has the characteristics of a strain, with the general formula Lf/Lo, where Lf is final length and Lo initial length. In addition, this index maintains a very simple relation with the most usual percentage fractional shortening ((Cd-Cs)/ Cd= 1-Cs/Cd).
With this stress-strain analysis, we were able to separate preoperatively the patients into two groups. Group 2 showed the same Cs/Cd value as group 1 for significantly lower left ventricular afterload (MWCS) levels. This finding suggests that patients in this group had a relatively poorer intrinsic shortening ability than those in group 1, this fact being closely related to a poorer outcome after operation. In addition, the midwall circumferential stress was linearly and inversely related in both groups with the left ventricular midwall percentage fractional shortening (1-Cs/Cd). These findings are in close conceptual agreement with those of Borow et al in normal subjects28 and suggest that the midwall circumferential stress to Cs/Cd relation reflects the left ventricular intrinsic contractile state in chronic aortic regurgitation.
A controversial point in our results is the different degree of left ventricular hypertrophy in both groups of patients. Our data disagree with those of Gaasch et al ,9 referring to the concept of "inadequate hypertrophy" in end stage chronic aortic regurgitation. These authors found that this ratio, as determined by echocardiography, was significantly lower in patients with chronic aortic regurgitation and a poor outcome after aortic valve replacement. These authors, as well as others,32 suggest that as the left ventricle dilates and, therefore, wall stress increases cardiac hypertrophy progresses to maintain wall stress within certain limits. In some cases, the ventricle dilates without an adequate hypertrophy, with a subsequent increase in stress and with the probability of developing irreversible left ventricular dysfunction.
In our view, this concept is questionable. Data from several authors7 [33] [34] [35] show that the end systolic stress to end systolic volume index ratio is significantly higher in those patients with a better postoperative outcome, even though they relate to different pathological conditions. It is obvious that if two ventricles are indistinguishable with regard to end systolic volume and end systolic pressure, in order for the end systolic stress/end systolic volume index ratio 
